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This is the twelfth Department of Energy (DOE) review of the Neutrinos at the Main Injector
“(NuMI) project. The review, which is being requested by the Associate Director for the

Department of Energy
‘Review of the NuMI Project
November 13-14, 2003

CHARGE to the COMMITTEE
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Office of High Energy Physics, will consider the technical, cost, schedule, and management
aspects of the prOJect The last review was held in May 2003.

- A written report on the review is due to the Associate Director by December 19, 2003 The
review comnnttee is asked to address in the report the following specific points.

1

Assess the project’s response to the comment_s and recommendations of the last review

- comimittee.

a) How has laboratory management responded to concerns raxsed at previous reviews -

about the adequacy of resources for commissioning the NuMI beam for CD-4, in
the context of the ongoing colhder program?

b) Assess the laboratory’s plans and schedule for commissioning the NuMI beam for
initial M[NOS physics- -

The remaining active elements of the project are NuMI technical components, c1vﬂ
construction, the MINOS detectors, and installation. For each of these:

a) Assess the progress made since the last rev1ew, and the status of the DOE
and project milestones.

b) Identify any changes made to the project baseline (technical, cost, and
schedule) since the last review, and discuss their impact.

c¢) What remains to be done in this area to complete the project? Evaluate the
- project’s estimate of the cost and schedule to complete this work.




Roy Cutler, SNS/ORNL
Stan Eckland, SLAC
November 14, 2003

21 Findings

-.siaxm ) ‘-.a

Listed below are some of the key techmcal achievements of the last six months

= Large magnet installation complete in MI-60 and Extraction enclosure (28 total -

Lambertsons, C-magnet, EPB dipoles, B2 dipoles, 3Q quadrupoles). (1.1.1)

Testing of horn 2 and fabrication and testing of horn 1 were completed (1 1 2)

Horn 1 module assembly completed. (1.1.2)

‘Transmission line design and drawings were completed. (1.1.3)

All magnet power supply work is complete in MI_60N and MI_62. (1.1.3)

Updated the Hadron Absorber installation plan to take place concurrent w1th the -

MINOS Near Detector installation. (1.1.4) -

» All the muon chambers have been constructed and 15/32 (5 spares) have been
tested and calibrated. (1.1.5)

»  Marked positions of the proton beam line and magnet stands in the MI extraction
and NuMI stub areas, and made a rough alignment of the magnets in the MI

. extraction reglon. (1.1.6)

s Instrumentation and motor starters for the RAW Sk.ldS were purchased recelved
-and installed and piping for the RAW skids was completed. (1.1.7) - '

s New interlock hardware establishing boundary between MI and NuMI radiation
'safety system areas and ~50% of the cables were 1nstalled (1.1. 8) '

' The planned installation of NuMI technical components in the Mam Injector went-as
scheduled and there were sufficient resources to complete this task in a timely manner.
The NuMI technical components task also had the necessary des1gn resources to -



. complete all needed designs. In' general, there has been no schedule slippage of .any of
the technical components with the exception of the profile monitors. A recovery plan for
“these is in place with no overall schedule impact. '

For some of the quadrupole magnets, it was found that there was insufficient cooling

_ to operate the magnets at the required fields with dc power supplies as planned. -
Modifications to.either the:magnet cooling or to use ramped power suppliés are planned ..
to solve this problem. o o o R

'WBS 1.1 has a budget of $26.8 million, with $19.2 million spent so far and an
estimate to complete (ETC) of $7.8 million. Of this amount, 25% is for purchases, 39%
" is for Fermi labor, and 36% is for Davis Bacon Labor. A total of $4.1 million has been
_spent.in the last half of FY03. Change requests of $666K were approved in the last 6
months, largely for additional design labor for technical components. These were
partially offset by savings of $116K from optimizing absorber and near detector
installation for a net contingency usage of $550K. An additional $800K of Change
Requests is believed to be likely. : ‘

22 Comments -

The committee is pleased with the progress in NuMI Technical Components and the
transition to installation activities has been smooth. Problems with the quadrupole
magnet cooling, while of concern, have an identified solution that has no schedule and
‘minimal cost impact. Similarly, the profile monitor delay will have no overall impact on
schedule. Overall, an excellent job. S . -

" The review committee is satisfied with the response to our recommendations and
believes that there are few areas of technical risk remaining in this WBS element.

23 Recommendations




3, " Civil Construction (WBS 1.2)
31  Tunnel and Halls

3.1.1 Findings and Coinments

32 Surface Buildings and Outfitting

321 Findings and Comments .

The scope of the Service Buildings and Outfitting (SB&O) subcontract includes the
construction of the Target Service Building and the MINOS- Service Building, outfitting
of the underground NuMI facility at Fermilab (which includes installation ofthe
, conventional mechanical and electrical systems), and completion of the pit liner in the -
. - Target Hall. - : . -

revie the SB&O subcontract iy B0 @ nplele. Major accomplishments include
beneficial occupancy of the Target Service Building and the Target and Carrier Tunnel -
areas and the completion of the MINOS Service Building shell. Installation of major
systems in the building is well underway as are the installation of electrical and
mechanical systems in the MINOS and Absorber area tunnels: S

~ The contract value.is approximately $20M, up $2M from the time of the award. This-
includes $1.5M of changes and $0.5M of work budgeted elsewhere and moved into this
contract. ' : : . . o o

There have been no unresolved contractual issues on this subcontract. A DRB is
contractually stipulated if either party desires. Neither party has requested the use of the B
DRB nor is it anticipated that the DBR will be required.




Recommendatijon

33




4. MINOS
11/14/2003
4.1 Findings

" DOE Milestone L-1-8 (F ar detector complete and tested) was completgd J uly 9, 2003. The Far
Detector (FD) now rqut-inely collects cosmic ray data and is fully supported by the. Qpérations o

Budet.

There has been good progress on production of front-end electronics which should be complete :

~well before the end of the Near Detector (ND) plane installation. Assembly and check out arein -
general proceeding smoothly. The Minder crates have a mechanical problem with the card guide |
which the supplier has tried but so far failed to fix. Several crates have been fixed at ANL and, if
necessary, all the crates could be fixed there in several weeks for modest sums. The successful :
calibration run with CALDET in a test beam at CERN provided a valuable check of the complete -
system. Rack assembly in New Muon Lab is now 70% complete and at the present rate of a
assembly would finish sometime in J anuary 2004. Installation of the ND in the MINOS Hall is

_ currently scheduled to begin in February 2004, proceed at a rate of two planes per day and finish
nine months later. MINOS conducted an installation review at their collaboration meeting in

September. ' ‘ U

42 'Comment.s

The recommendation from the May 2003 DOE Reyj

brob,) ntery If neceé,ihéy wula aﬁ&h a scc
cost of as much as several hundred thousand dollars.

4.3 Recommendations

None




S : -R. Gerig"-
S. 'INSTALLATION | o

- The project has successfully undcrgone a thorough test of mstallatlon readmess ‘
durmg the recent Main Injector shutdown. All of the lambertsons and stub magnets were . " ”

mstalled ‘and preparatlon work for future mstallatxon was performed The plans for o
mstallatlon are well thought out, and are bemg well 1mplemented

5.1 Findings
This section'discuss'es the overall installation effort at 'the Fermilab s1te
Installations ectivities are con’fineo to three identiﬁed areas:

.o‘ Main Injector
e Pre-Target & Target Halls (MI-65)
. Absorber & MINOS

5.2 Comments,

The recommendanon from the May 3003 DOE review, the laboratory s response
and, this committee’s comments are given below ’




_Consider naming one person to lead the installatioil effort in the Target area
'. similar to Cathames in the MINOS area. | ’ Sderthis Approach

) of the three areasis. asmgned a ﬂoor manager (Tom, Prosapio in the Target area) andin . -
the case of the Target area, a deputy ﬂoor manager as. well. Task managers report to the :
ﬂoor managers Level 3 managers are involved in weekly planmng meetings,

The project has continued to implement recommendations from the Director’s

_ review of the Installation Plan, which was held just prior to the last DOE review. At that
DOE review, the project was encouraged to follow through with these, recommendations
and we were shown numerous examples of these activities.

The project is posmoned to effectively use the short Main Injector shutdowns that
"will occur during the next ten months to continue installation, and to complete MI
enclosure installation of NuMI equipment in the summer shutdown in 2004.

The SB&O subcontract is going well, and beneficial occupancy of the MINOS
area is expected on January 31, 2004. Detector installation will be done by laboratory
technicians, largely those who have been involved in assembly of the detector. The
‘absorber and associated equipment will be installed by Time & Material labor. Thus there
is no overlap of installation resources with activities in the other two areas.

The April 2003 Director’s review committee expressed concem that the Beams

~ Division did not have adequate staff to both support the NuMI installation and do the-
required Run Il work. The work done during the 2003 shutdown demonstrates that the
~ project and the Beams D1v151on have resolved this problem and accomphshed the work

5.3' Recommendations

None




Stan Ecklund

6. COMMI_SSIONING

)

| 6.1 Fmdmgs
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The Comrmttee met W1th the pr03ect managers and the Beams Dlvrsron managers to o

. discuss preparatrons for NuMI commissioning. Since the May 2003 DOE review, the pro_]ect has

installed components in the Main Injector (MI) during the 2003 summer down, and developed a
commissioning plan for the MI for NuMI beam. The Main Injector Department has a key NuMI
taff member as Deputy Department Head. As noted at the last review, the § '

NS L Thrs is close to the-

| . design3 'x1013 physrcs goal for NuMI operatlon concurrent wrth antlproton productron. The
effectiveness of the MI dampers has been demonstrated and a full implementation is to be

operational by April 2004. Beam commissioning to NuMI i is on schedule to begin Jan. 2005

after critical installation occurs during the 2004 shutdown. The lab has reorganized the Beams
' D1V1S1on, moving the Beam Physics personnel into operating groups

not yet be powcred The beam has successfully run in the MI.with the newly 1nstalled
Lambertsons using an orbit bump as anticipated. Some work remains to smooth- the orbit bump

‘and check MI performance when the Lambertsons are energlzed after the 2004 shutdown

i
&
i b
i et

involved people are 1dent1ﬁed who pamClpate in these studies. Trme for studres is based on

~ available time between antiproton stacks. Studies are approved by the Beams D1v1sron Assocrate

Head for Accelerators Studles in the
_ N

boos ngomg and drtven by the total laboratory

It dehneates three comrmssromng stages, 1) subsystem checkout 2) achrevmg

the CD-4 goal of 1x10"2 protons per pulse (ppp) on target, and 3) commissioning for physms
) wrth 2. 5)(10'3 ppp on target. In the next 6 months, management plans to hold a E¢

p with the parties involved as preparatron for the checkout activities.




- prototyped so a measurement can check the calculation and final production mechanical design
remains to be done. ' '

The near detector will be checked out as.they are installed i in the underground hall.
. Electromcs racks are assembled and tested as completely as feasrble on the surface before
mstallatlon in the hall. '

6.2 . Comments

~ Given recent performance of beam in the MI and the plan of studies presented, the
| physics running with 2.5x10" protons per cyde on target should be achievable. In particular,
¢ §. Apath to higher
' mtensrtres, greater that 2.5 x10" was not shown to the committee. A study by the “Proton
am” (Oct 26, 2003), outlines several possrbrlmes for increasing the intensity of the injector
charn The study is presently under review and a plan wrll be generated based on physrcs need

i
Al rj on components which require

maintenance. Booster studles are addressmg this wrth the expectatron of allowing operation at
higher currents. It is possible that the MI will have similar limitations. A plan to quantify losses is
part of the MI studies plan.

_ Previous rev1ews have commented and the Committee agrees, that the task of




The effect on the MI beam from energlzed extraction Lambértson magnets should be

tested as soon as p0881b1e in order to make any correctlons w1thout delay

v. 6.3 : Recommendatlons B

. None
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Richard Hislop

JimLang

--_"'\';7\5 " Environment, Safety and Health

71 Findings

* NuMI construction contractors have generally improved the quality of their job hazard.
analysis, coordination of work with other trades and pre-shift coordination/safety. -~
briefings since the December 12, 2002 review. Fermilab has also adopted the same job -

_hazards analysis and work coordination practices for its installation activities in the

" Target area. s : : o

The Fermi Area Office and Fermilab NuMI ES&'H' staff continue to reguiarly attend pre- |
shift meetings conducted by RBI and Fermilab. Construction area inspections are "

. conducted by the Fermilab NuMI project management team members, the Fermilab

ES&H section and DOE-FAO. The assessment team was able to participate in several of - |

- these activities and was satisfied that they were focused and were conducted effectively.

Five of the last six of the safety incidents on the NuMI project occurred to Divane
employees. Each of these incidents was due to inattention to detail and failure to
effectively plan work. In spite of initial difficulties with their safety program Divane
management effectively overcame these problems and had been making an effortto '
promote an effective safety program. As a whole the craft personnel are very -
appreciative of Fermilab effort to provide them with a safe work environment and very
specifically stated that Fermi is the safest place they have ever worked. However, it is
not uncommon in the construction industry to find individuals who are resistive to
following safety rules. Divane management has had two recent occasions where they
terminated employees unwilling to perform to the safety expectations on the NuMI

. project. Fermilab NuMI project managem nt was aware of these Divane safety
decisions. : ‘ - '

7.2 _Comt_hents

Work planning and safety observations are key to a successful safety program. The .
NuMI project has effectively implemented the job hazard analysis and associated work -
coordination process. However, there is room for improvement of its safety inspection
and observation process. Currently it appears that the most frequent NuMI project
management site surveillances are conducted by the Deputy Project Manager Civil

" Construction, the Construction Project Manager, field construction coordinators and the
project ESH personnel. There appears to be a heavy reliance on the project ESH =
personnel to identify and correct field safety concerns. S




. Contractor key personnel and NuMI management should set aside time each week to
~ walk the jobsite with ESH support to make safety observations and speak with field
‘personnel. This will reinforce to the field personnel management’s continuing support

- and safety expectations. The workforce seeing project management identify unsafe work
practices and conditions will lead to greater buy-in to the safety process.

The subcontractor superintendent should be'-‘-identiﬁéd_'as' al“"ke‘y.rpé'rsdn””'i'n-‘ construction -+

contracts. This will enable Fermilab to participate in the selection process of this critical
management position. ' ' ‘

' 7.3 Recommendations . -
i.  Conduct weekly joint safety walks with construction contracfor “key personnel”
- © - and NuMI team members to add “fresh eyes” to evaluation work conditions and

take corrective actions as necessary. Immediately

2. " Retain a consultant to advise DOE-FAO on their construction oversight program.
Immediately ' -




8. COST

8.1 Findings

On Decemb§! 21, 2..001,1.1'16 Deputy-:'S'ecrg:'tagy:'appr_qud?-’I;e,yel 0has:i;li,quchang'é_;,_'...l,_, - O ‘

I ’ - which established a néew-Total Project Cost (TPC) of $171.4 million for the NuMI project. -

At subséqﬁeﬁt DOE reviews, the
" contingency utilization but left the TPC fixed. At the cufrent review additional
* contingency activity was presented, but e B e mains nehd

. provides a summary of the TPC evolution
. current review. Additional cost details can be found in Appendix D.

project presé’nted changes to the baselihe that required

from thé Dece'x'nbgr' 2001 re-baseline td_. this -

Table 8-1. Changes to Baseline Cost Est_imate (in $K)

WBS |. Description December | May 2003 ‘Changes | November
| | | 2001 | Review | since | 2003
Baseline ' ‘May 2003 | Review
; . : Review '
1.1 | Technical Components 27962 26219 550 26768
12 | Facility Construction - 60493 | 67059 | 988 - 68047
1.3 | Project Management 4788 . 4430 (100) 4330
| Contingency on TEC 15999 11534 (1437)| 10097
1.0 | Total Estimated Cost (TEC) | 109242 109242 0| 109242
20 | MINOS - 38776 42195 212 42407
3.0 | Project Support 16109 16377 1 16378
Contingency on OPC 7315 3628 (213) 3415
“Other Project Cost (OPC) 62200 62200 - 0 62200
Total Project Cost (TPC) 171442 171442 -0 171442

Since the May 2003 DOE review, i
000, This is

i,

o

Contingency

primarily due to change orders and budget adjustments to the SB&O
contract ($1.0M) and labor cost overruns in the design of technical components ($0.6M).
for OPC decreased by $214,000 due primarily to increases in detector

installation costs. A list of the change requests and their descriptions is included in

Appendix E.

4,

) which is 101 percent of the estimate




to complete (ETC). Table 8-2 summarizes the NuMI projec't'contingency‘.:-

Table 8-2. Project Contingency Status (in millions of dollars) .

Baseline | .ETC

.Con_t_;.r‘lgency‘ .

L

TEC -

1092 |

11.8

101

OPC

1 62.2

1.6

34

TPC

1714

134

135

82 Comments




9. SCHEDULE and FUNDING
9.1 Fmdmgs

. The project. presented a master schedule and a hst of DOE rmlestones W1th
assocrated schedule float relatrve to the prOJeet s 1ntema1 ‘schedule- (see Appendlx F)

Milestone L-1-9 (Start cormmssronmg beam line) i is pl‘O]eCted to occur on December 28,
2004 This would be followed by the TilEsione L. 0. ”

DOE revrew

Mrlestone L-2-17 (Complete installation of hom power supply) is forecast for o
' February 6, 2004, which is 2  of the baseline date. This is four months later
- than forecast at the last review but is not a critical path item.

Mrlestone L-2-18 (T arget Service Building shell complete) occurred on June 17,
2003. Milestone L-2-11 (Beneficial occupancy of service buildings at Ferrmlab) is
prOJected for January 31, 2004, 5 weeks later than it was forecasted at the last review.
b ad of the baseline schedule date.

‘However, this date is $22 dz d

‘ For the detectors, Milestone L-1-8 (Far detector complete and tested) occurred on
July 9, 2003, 2 of baseline schedule. Milestone L-2- 14 (Near Detector

- -Complete and Tested) is forecast for December 28, 2004, ) :
schedule date.

d of the basehne

' The-funding profile for the project (’App_endix G) supports the internal schedule.

9.2 '~ Comments




10. MANAGEMENT -

10.1 Findings

\'\: e i _"_: N

S The project is being well managéd to meet technica] scope, cost and schedule baselines.
During the last 6 months $15M of progress has been made, with $13M remaining. The majority

. of this work is installation; most technical components have been delivered.

The project has a risk evaluation system'in pia(’:e and is keeping it up to date. Various .
areas are identified where there will likely be cost and/or schedule impacts. These are being
closely managed. ' '

Two DOE milestones were met in the lﬁst six months (Target Service Building Sh_ell
- Complete, and Far Detector Complete and Tested) '

10.2 CoinmenfS'

The laboratory has evaluated the overall proton needs of Fermilab for the next several
decades. While it is early in the planning process, this sort of long term - strategic 'planning will
benefit NuMI. Progress is being made in addressing NuMI needs in the near term with studies,

and im_proVements being realizéd in both the Booster and the Main Injector. ' ‘

" As noted in the section on ES&H, there have been several injuries in the last week. The
committee feels that management is commitment to safety and is aggressively‘ looking for

solutions. We note one management recommendation related to ES&H.




1‘0.'24 Recommendation

Bl levels should perform 3 safety walks with the |

5, and

ko

il




Action Items

‘Resulting from the November 13-14, 2003

Department of Energy Review of the :

Neutrinos at the Main Injector (NuMI) Project -

AR/ RO et st L T TR SRR P . - .

Responsibility - Due Date

- Action
Conduct Semi-Annual Review ~ DOE/Fermilab © May, 2004

- G.Béck
NuMI Project Manager
Fermilab

| W,
M. Witherell

Director
Fermilab

fsi pLe

D. Lehman
DOE/NuMI ActingPM . DOE Review Chairperson
Fermi Area Office = Office of Science

2 Monhart . : . ef n 7
Manager ‘ NuMI Program Manager
Fermi Area Office - Office of Science




COE Review of the NuMI Project 11/13-14/03 Agenda ~ .~~~ © Pagelofl

| Department of Energy Review '
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Neutrinos at the Main Injector (NuMI) Project

Agenda
8:00 a.m. , ||DOE Executive Session o o , oo .+ {D.Lehmann
I 9:00 a.mh. - ||Opening Remarks ' o S L [M. Witherell
9:15 a.m. |[Project Overview - Powerpoint, pdf - —-—“b Bock
' Fermilab’s Safety Program - A Journey of Continuous Improvement - Powerpoint, pdf “W. Grifﬁng_,_] .
Safety on Service Buildings & Outfitting Project - Powerpoint, pdf = J E. McCluskey
10:15 a.m. ||Break -~ . ' ' N S J
10:30 a.m. jParallel Discussions . I B Jr
: Technical Components - WHI2NE .~ * i PR ][
MINOS - Snakepit (a.m.), Blackhole (p.m.) ' T I Jr
Installation and Commissioning - WHI2NE . - o J[
Management - Comitium o - ' R Jr
- VES&H - 1-East . ‘ J[
12:00 p.m. |[Working Lunch - 2nd Floor Crossover_ - 3 ' o _ _ Jf
Th2:30 p.m. Continue Parallel Sessions _ e ' } ) : ‘ L
4:30 p.m. ||DOE Executive Session . o o I |
6:30 p.m.. ||Adjom e B ' T J|F 3 J] :

8:00 a.m. ,_“Subcommittec Working Sessions . Comitium

10:30 a.m. _]lD—OE Executive Session Closeout Dry Run - - ~ ||Comitium - - J

12:00 p.m. “ﬂ'hng Lunch : 2nd Floor Crossover . J
112:00 p.m. “Closeout Presentation with NuMI Management : © J|1-West

3:00 p.m. “Ad_Jom : ‘ ‘ ‘ : J
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